Forest biotopes harbour diverse above-and below-ground cultivable yeast populations predominantly consisting of basidiomycetous yeasts (Sláviková & Vadkertiová, 2000; Maksimova & Chernov, 2004; Fonseca & Inácio, 2006; Yurkov et al., 2012 Yurkov et al., , 2015a . Above-and below-ground communities of macro-and micro-organisms appear to be closely connected. For example, for forest soil yeasts it was observed that total cell numbers and diversity did not depend on basic soil properties (Birkhofer et al., 2012) , thus suggesting the importance of above-ground biotope properties for the yeast community.
In the course of a study assessing soil yeast diversity in Arrábida Natural Park (Portugal), a small chain of limestone out-crops with a maximum elevation of 500 m encompassing different areas with specific formations of typical Mediterranean vegetation, basidiomycetous yeasts belonging to the genus Cystofilobasidium (Cystofilobasidiales, Tremellomycetidae) were repeatedly isolated. The most distinctive phenotypic features of the six species, presently classified as Cystofilobasidium are the homothallic (Cystofilobasidium capitatum) or heterothallic (remaining species) formation of mycelium with teliospores and the production of carotenoid pigments that are responsible for the orange colour of the cultures (Sampaio, 2011) . Phylogenetic analysis of the D1/D2 domain of the 26S rRNA gene and complete internal transcribed spacer (ITS) region showed that the yeasts isolated in Arrábida Natural Park could be resolved into two species belonging to the Cystofilobasidium clade but distinct from those already known, thus here we describe these species as Cystofilobasidium intermedium sp. nov. and Cystofilobasidium alribaticum f.a. sp. nov.
The study was performed in Serra da Arrábida Natural Park on sites previously studied for phylloplane yeasts (Inácio et al., 2002) . The region is generally characterized by an Atlantic-Mediterranean climate, and consists of different microclimatic areas determined by the varying orientation of the landscape and orography. The area is characterized by a Mediterranean climate with 14-16 8C average temperatures and 600-700 mm annual precipitation (Guerreiro, 2008) . Two rather contrasting habitats can be found on the northern and southern slopes of the Arrábida mountain range, a humid zone with more pronounced Atlantic influence located on the northern slope and a sub-humid to semi-arid zone prevails on the southern slope. Soil samples were collected in October 2013 and May 2014 from three different zones of the Serra da Arrábida: in humid forest (northern slope), in semi-humid chaparral forest (southern slope, Mata do Solitário) and in maquis scrubland (southern slope, Alto do Jaspe). The collecting sites were those previously used for the isolation of phylloplane yeasts (Inácio et al., 2002) . On each 20620 m plot, four 10 m-long transects were made from the centre of the plot to the four cardinal directions (north, east, south and west). Soils were collected in equal proportions every 2 m along a transect resulting in five soil samples combined in a composite sample and making a total of four composite soil samples per plot. Coarse woody debris, roots and stones (.5 mm) were removed in the field using sterile sieves. Soil samples were placed in sterile paper bags, transferred to the laboratory and kept at 280 8C before yeast isolation. Prior to the analysis, soils were slowly defrosted at 4 8C and sequentially sieved through 5, 2 and 1 mm meshes to remove roots, stones and woody particles. Yeasts were isolated and purified on solid YM agar medium (yeast, malt extract agar acidified with lactate to pH 4.5), following the protocol of Yurkov et al. (2011 Yurkov et al. ( , 2012 . PCR fingerprinting (MSP-PCR) with primer M13 was employed for the preliminary differentiation of yeast species and identification was performed on selected isolates using rRNA gene sequencing as described previously (Yurkov et al., 2011 (Yurkov et al., , 2012 . The phylogenetic analysis was based on a concatenated alignment of the ITS region and D1/D2 domains of the 26S rRNA gene (LSU), including 5.8S rRNA gene, and was made with MEGA 6 software (Tamura et al., 2013) using the maximum-likelihood algorithm and Kimura's two-parameter evolutionary model. Evolutionary rates among sites were modelled using the Gamma distribution. Gaps were treated as missing data. Assimilation tests were performed in liquid media following the procedures described by Kurtzman et al. (2011) .
For microscopy, cultures were grown at 17-22 8C on YM agar and on corn meal agar (CMA; Difco) and studied with phase-contrast optics.
The novel species were found during a survey of soil yeasts in Arrábida Natural Park (Yurkov et al., 2015b) . This study provided the first comprehensive inventory of cultivable soil yeasts in a Mediterranean ecosystem, a leading biodiversity hotspot for vascular plants and vertebrates in Europe. In that study the response of yeast diversity to microclimatic environmental factors in biotopes composed of the same plant species but showing a gradual change from humid broadleaf forests to dry maquis was investigated. A total of 104 isolates of Cystofilobasidium intermedium sp. nov. and 17 isolates of Cystofilobasidium alribaticum sp. nov. were obtained. C. intermedium sp. nov. was isolated from both locations of the southern slope in autumn 2013 and in spring 2014. The highest frequency of the species was observed in spring. An additional strain of C. intermedium sp. nov. (PYCC 60935CBS 10191, EU002815) had been previously isolated from soil in Serra da Arrábida (Mata do Solitário, southern slope) in 1997 (Inácio, 2003) . Cystofilobasidium alribaticum f.a. sp. nov. was isolated from semi-humid chaparral forest (southern slope) in autumn 2013. Among five strains of C. intermedium sp. nov. and five strains of C. alribaticum f.a. sp. nov. that were sequenced, the D1/D2 and ITS sequences did not reveal intraspecific variation. According to the phylogenetic tree depicted in Fig. 1 , the closest relative of C. alribaticum f.a. sp. nov. is C. capitatum. These two species differ by 11 substitutions in the D1/ D2 domain and 12 substitutions in the ITS region. A parsimony network based on D1/D2 sequences and multiple strains of these two species separated them in two clusters that correspond to the delimitation of the two species (Fig. S1 , available in the online Supplementary Material). Cystofilobasidium intermedium sp. nov. appears to occupy a more isolated position without evident closest relatives within Cystofilobasidium (Fig. 1) . Although C. intermedium sp. nov. appears at a basal position in the tree, this topology lacks statistical support. This species differs from C. capitatum by 15 substitutions in the D1/D2 domain and 25 substitutions in the ITS region.
Whereas C. alribaticum f. a. sp. nov. does not form hyphae, even when different strains are crossed on CMA, strains of C. intermedium sp. nov. are self-fertile and readily produce mycelium (devoid of clamp connections) and teliospores (Fig. 2) . These resting structures are globose, brownish, thick-walled and have conspicuous yellowish guttules. Germination of the teliospores was induced after a resting period. Teliospores from cultures grown for one month on YMA or CMA were soaked on demineralized water for 3 months at 4 8C. The soaked agar cubes containing the teliospores were transferred to 2 % water agar and germination was observed after 2 days at room temperature. As in other Cystofilobasidium species, the basidium of Cystofilobasidium intermedium sp. nov. is one-celled (Fig. 3) . Its maximum length of approx. 50 mm is intermediate between that of Cystofilobasidium ferigula (12 mm) and that of C. capitatum (80 mm) (Sampaio, 2011) . Cystofilobasidium intermedium sp. nov. and C. capitatum are the two exclusively self-fertile species in the genus, whereas the remaining species are heterothallic (Sampaio, 2011) and C. alribaticum f.a. sp. nov. is asexual. The most remarkable physiological trait of the two novel species is their ability to grow at 35 8C, a property not observed for remaining species of the genus (Table 1) . Moreover, C. intermedium sp. nov. appears to be nutritionally less versatile then the other species of the genus Cystofilobasidium, whereas C. alribaticum sp. nov. does not use maltose, a trait shared only with C. ferigula. Cystofilobasidium alribaticum (al.ri.ba9ti.cum. N.L. neut. adj. alribaticum referring to Arabic n al-ribat place of worship, and the probable origin of the name 'Arraábida'). Cultures are orange, creamy and do not form mycelium after 2 weeks on YM agar at 22 uC. After 3 days of growth on YM agar at 22 uC, cells are long and ovoid (4-6|2-3 mm) occurring mostly in small clusters (Fig. 2) . Proliferation is done by budding at the oblong end of the cells. Crosses of different strains on CMA at 22 uC and 15 uC do not result in the development of the sexual state and true hyphae are not observed after 2 months. Consequently, this species is described as asexual (f.a., forma asexualis). Cultures are pale orange and self-fertile with conspicuous mycelium visible after one week in YMA at 22 uC. Yeast cells are elongated (6-8|2-3 mm) (Fig. 2) . Hyphae do not have clamp connections and are 1.5 mm in diameter. Teliospores are globose (12-14 mm in diameter), intercalary or terminal (Fig. 2) . The basidium is one-celled, long and slender with an apical swelling, and measures 17-50|1-2 mm (Fig. 3) . The apical swelling is 4-5 mm in diameter. Basidiospores measure 5-7|2-3 mm and germinate by budding (Fig. 3) . Glucose is not fermented. Carbon compounds assimilated are D-glucose, D-xylose, L-rhamnose, maltose, a,a-trehalose, cellobiose, salicin, melezitose, inulin, D-glucitol, D-mannitol, galactitol, myo-inositol, D-glucuronate and ethanol. Growth is not observed on D-glucosamine, sucrose, methyl a-D-glucoside, melibiose, lactose, raffinose, starch, erythritol, citrate or Species: 1, C. intermedium sp. nov.; 2, C. alribaticum f.a. sp. nov.; 3, C. capitatum; 4, C. bisporidii; 5, C. ferigula; 6, C. infirmominiatum; 7, C. lacus-mascardii; 8, C. macerans. +, Positive; 2, negative; W, weakly positive; S, positive but slow; V, variable. 
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